Introduction
The Common Buzzard (hereinafter: buzzard) is amongst the most abundant and widespread raptors in Europe. This species is divided into 6-8 distinct subspecies out of which the Hungarian population belongs to the subspecies B. b. buteo. Ring recoveries show that buzzards are predominantly resident in the Carpathian Basin, however a small proportion of birds may move to neighbouring southern countries for winter. The wintering population is also complemented with birds from Scandinavia and the Baltic Region (Tóth 2009 , Saurola et al. 2013 . The birds of the eastern subspecies (B. b. vulpinus) rarely migrate through Hungary (Hadarics & Zalai 2008) . Since 1933 the hunting of the buzzard has been prohibited, and since 1954 it has been protected by law (Haraszthy & Bagyura 1983) . Game keepers, farmers and other stakeholders recently raised the issue of lifting the protected status, thus legalizing hunting as a form of controlling buzzards. These stakeholders argue that the population has considerably increased in recent years and that these birds pose a serious risk for small game species with high economic value. This debate justifi ed that BirdLife Hungary elected the species as the 'Bird of the year' in 2012 (http://www.mme.hu/component/content/ article/19-hirek-archivum/1395-a-joev-evegyik-eselyes-madara-segitseget-ker.html), raising wide public awareness of the issue.
Here we aim to review the international (British, Spanish, French, Danish, Norwegian, Polish, Czech, Slovak, Romanian) and Hungarian studies conducted on Common Buzzards in relation to this debate.
Population change
The European population increased between 1970 and 1990, then showed a slight decrease. At the turn of the century the estimated number of breeding pairs was 710 thousand. The species' status is evaluated as secure (BirdLife International 2004) .
The Hungarian population of the species in recent decades of the last century -thanks to nature conservation legislation and public awareness -has increased (Haraszthy 2000) . For instance in Békés county it went up to 150 pairs from 100 pairs between 1990 and 1995 (Tóth 1995 in Haraszthy 2000 . At the turn of the century the breeding population was estimated to be between 10-20 thousand pairs (Hadarics & Zalai 2008) .
Based on representative countrywide sampling (Szép & Nagy 2002) , the Hungarian Common Bird Monitoring Program (MMM) estimated the population trends to be stable for 1999-2012 (Szép et al. 2013) . The mean annual population change in this period (trend analysis, TRIM software package, Pannekoek & van Strien 2001) did not show a signifi cant increase or decrease (slope= 0.5% (SE=1.1%) (Figure 1) .
The National Game Management Database on the other hand shows a somewhat different trend; the numbers provided for these years are signifi cantly higher, moreover they show a 50% increase. In the 2003-2004 hunting season they estimated 62911 individuals, while in 2012-2013 this number was 96237 (http://www.ova.info.hu/vadgazdalkodasi_statisztikak.htm). The underlying reason in the deviation of the two estimates is the different applied methodology. The most obvious deviation is that the Common Birds Monitoring Program is a survey (i.e. systematic sampling of a population) while the National Game Management Database relies on a census (counting of all individuals of a population). Furthermore, there is a temporal difference between the two data series; the Common Bird Monitoring Program only uses data that derive strictly from the breeding season (http://www.mme-monitoring.hu/prog.php?datid=56) whereas the game management database only requests that data providers count the number of individuals present and presumably inhabiting the game management area, without any temporal restrictions (http://www.vmi. szie.hu/adattar/pdf/adatlapok-2013/becsles_terv-utmutato_2013.pdf).
The common bird census program estimates an average 30000 individuals (i.e. 15000 pairs) for the country. Typically clutch size is 2-4 eggs (Cramp & Simmons 1980) , however fl edging success is considerably lower, only 0.42-2.13 in the Swabian Alb (Rockenbauch 1975) , in other regions of Germany it is 0.42-2.17, in the Pilis hills the estimated mean is 2.21 (Haraszthy & Ott 1984) , and in Békés county it is 1.2-2 (Tóth 1995 in Haraszthy 2000 . In general, mean fl edging success is less than 2 birds per nest. An indirect support of this general value is that the proportion of youngsters among observed birds is 31-51% in the Danish Strait every year (Forsman 2003) . Returning to the potential number of buzzards in the Hungarian population; it is plausible that 50-55 thousand individuals may be present in the post-fl edging period for a short time, but due to natural and human induced mortality (electrocution on medium voltage pylons, poisoning, illegal hunting etc.) this number certainly decreases by autumn and winter. According to ringing data the mortality rate of the birds in their fi rst year is 46.4% (Germany), 65% (Sweden), 77.6% (Great-Britain) (Cramp & Simmons 1980) . Furthermore, individuals from northern Europe also migrate through or overwinter within the Carpathian basin as suggested by ring recoveries, however assessing the ratio of resident vs. migrant buzzards is currently impossible. An equally important deviation between the two datasets is that they are acquired on different spatial scales. The Common Bird Monitoring Program covers a smaller spatial extent as the sampling is carried out on a fraction of the total area of Hungary, although the sites and the observation points are randomly chosen, thus allowing statistically sound estimates. On the other hand the National Game Management Database holds information on the whole extent of Hungary, since all game management units are legally obliged to present data annually. However, the lack of defi ned methodology allows data providers to report numbers acquired with various techniques for each game management unit. Previously we have detailed that simply the timing of fi eld observations within the season may remarkably infl uence the number of counted birds. Moreover, the game management database does not specify how to control for multiple counts of individuals, or for the spatial aggregation of individuals. Buzzards and other raptor species often aggregate in areas with high prey densities, like alfalfa fi elds or along large roads especially in winter. The reason for the latter is that road-kills are often consumed by buzzards, and also that roadside ditches are less likely to be infl uenced by rodenticides-but are often mowed-thus presenting larger densities of prey with high prey accessibility compared to other areas. A data provider may easily overestimate the number of buzzards present in the area based on observing these aggregations.
In the breeding season buzzards are territorial with variable territory sizes; in the Pilis hills between 1977 and 1981 the number of breeding pairs per 100 km 2 varied between 40.8-437.3 annually, the territory of one pair was between 209-245 hectares (Haraszthy & Ott 1983) , on the Northern-Borsod-Karst on 30 thousand hectares 100-165 pairs bred between 1986 and 1991 (Varga & Rékási 1993) . This large variation may yield considerable estimation bias if not controlled for.
In summary, both methods have advantages and disadvantages, however when assessing the countrywide breeding population of buzzards, the Common Bird Monitoring Program offers a more valuable estimate compared to the National Game Management Database. Nonetheless, the demand for better understanding the breeding population size and trends of common diurnal raptors, MME/BirdLife Hungary launched a national Raptor Survey program that will hopefully allow an even more precise estimate of these fi gures in the future (http://www.mme-monitoring.hu/php/dl.php?drid=2971).
Body structure and hunting method
The body structure of the buzzard determines the spectrum of accessible prey species.
Its feet, toes and talons are comparatively shorter than the sympatric and similar sized Goshawk (Accipiter gentilis). This later species is considered to prey predominantly on birds (Widén 1987 , Rutz & Bjilsma 2006 in forest habitats and therefore is built for high maneuverability (Drennan & Beier 2003) . Buzzards however have broader wings and shorter tails and thus are less maneuverable in fl ight (Norberg 1995). They can only hunt prey with a maximum weight of 500 gramms, moving slowly on the ground, but since it is an opportunistic predator, the prey is typically much smaller (Cramp & Simmons 1980) . The predation of buzzards is characterized by three strategies. In most cases they perch and wait either on the ground or on a vantage point and drop themselves on the prey moving on the ground at a smaller distance. Buzzards can often be seen crouching on molehills or on the mounds of the Mound-building Mouse (Mus spicilegus). These individuals often do not even wait until their prey comes up to the surface, instead they catch them by grabbing the moving sloppy soil (Skoczen 1962 , Kalotás 1980 .
Food
During more than a century, many different methods have been used to analyze and observe the food of birds of prey. These include for example stomach content, pellet-and food remain analysis, observation, use of cameras (Vasvári 1930 , Witherby et al. 1939 , Glutz von Blotzheim et al. 1971 , Brown 1976 , Cramp & Simmons 1980 , Kostrzewa 2008 . In general, food spectrum of buz zards varies with climate, thus the predominant prey species in different populations may be diverse along the breeding range. In most of the range the main prey species are small mammals, dominantly the Common Vole (Microtus arvalis). This is also proven by the fact that other than Hungarian, there are also many other languages where we can fi nd the word mouse in the name of the species: German: Mäusebussard, Danish: Musvage, Icelandic: Músvákur, Norwegian: Musvak, Finnish: Hiirihaukka, Spanish: Ratonero Común, Polish: Myszolow, Slovak: Myšiaka Horneho (Sandberg 1992) , Serbian: Mišar. In Great Britain where the Common Vole is not indigenous, the main prey species are birds, Rabbit (Oryc tolagus cuniculus) Lepus species and Field Vole (Microtus agrestis) (Tubbs 1967 , Graham et al. 1995 , Swann & Etheridge 1995 , Kenward et al. 2001 . In Romania, the typical prey species are reptiles (Dombrowski 1912) , while in Spain, beside reptiles also insects and Rabbits constitute bulk of the prey items (Palaus Soler 1960 , Garzón Heydt 1974 , Bustamante 1985 , Mañosa & Cordero 1992 .
In some areas food composition can vary with season. This may also be true for even Mediterranean areas where inter-seasonal deviation of temperature is relatively low. The most abundant prey in the breeding period in Northeast Spain is the Rabbit. Buzzard breeding season coincides with, or is possibly timed to the emergence of juvenile Rabbits. The second most frequent prey are reptiles, dominantly Ocellated Lizard (Lacerta lepida). Also the importance of smaller birds became slightly stronger at this time of the year. This tendency was also supported by another investigation conducted in Spain (Bustamante 1985) . Furthermore, the role of reptiles may be less pronounced in the colder season, however amphibians can appear in large numbers in their diet as species of this taxa tend to aggregate around at specifi c sites (Mañosa & Cordero 1992) .
Sex specifi c dietary differences are less pronounced compared to seasonal variation. In a study conducted in Spain the sto machs of males were empty more often, and smaller amphibians were found compared to females. Remains of bigger rabbits were only found in the stomachs of females. These differences were explained by reversed sexual dimorphism (Mañosa & Cordero 1992) . In contrast, other studies have not found signifi cant sex specifi c differences in the diet in regards to the species and size of their prey (Bustamante 1985) .
Prey composition may correlate with nestling size; smaller nestlings may receive smaller prey species (e.g. earthworms and voles), while larger nestlings are fed with more profi table prey like moles in a study conducted by Meier et al. (2000) .
Studies have shown high individual differences in diet composition as well. For instance a male buzzard was observed to forage on Slow Worms (Anguis fragilis), Sand Lizards (Lacerta agilis), European Adders (Vipera berus), with only a single observation of vole as prey (Melde 1971) . In contrast, Kalotás' (1985) observations suggest that Mole consumption of some buzzard pairs can reach 40-50%.
Even though some individuals can be real specialists, the species is overall a generalist, its food is basically limited by food availability.
The most common prey of buzzards is the Common Vole in most parts of the European breeding range and thus the Carpathian Basin. According to a Slovakian study the Common Vole can reach up to 96% of the winter food composition (Salaj 1972) . This vole species is active during the day and can reach high densities in arable fi elds where food abundance may be practically unlimited. Every few years it manifests itself in gradation. In other years their numbers can drastically drop, mainly due to climate factors (Gubányi & Horváth 2007) . In vole gradation years the proportion of the Common Vole in the prey composition is much bigger, than in normal or poor vole years (Mebs 1964 , Kalotás 1985 , Kostrzewa 2008 .
The proportion of some animal groups can vary in the food composition depending on whether we take into consideration their weight or their relative frequency (Kostrzewa 2008) . Despite this fact the proportion of the Common Vole is dominant both in vole gradation years and between these years according to both indices in a study in Poland. In vole gradation years the average frequency was 75%, the weight proportion was 74%, while in low vole years these numbers were 40% and 48%. In these years the proportion of earthworms, insects and amphibians increased signifi cantly while the proportion of other mammals increased insignifi cantly (Kostrzewa 2008) .
Some buzzard pairs can be affected in different ways by different food availability. For some of them in the years when there is a lack of voles, the breeding can fail, or they lay fewer eggs. It can also occur that they interrupt breeding, in extreme situations; their nestlings starve to death depending on how the breeding and the period of the food shortage overlap with each other. As opposed to this, there are buzzard pairs, which raise nestlings, though less in low vole years. These shift food composition, the proportion of birds grows among prey animals (Kostrzewa 2008) . The Mole can also be an alternative prey in Europe.
In studies conducted in Poland the Mole appeared in larger numbers, than the Common Vole (Czarneczki & Foksowitz 1954) . The food consisted of 50% Moles and 33% Common Voles. According to the age studies based on dentition analysis the proportion of juvenile Moles was 86,5% compared to other age groups in the whole sample. This is the result of the behaviour of young Moles in the start of their independent lives, in which the activity near the surface or even above the surface is very typical (Skoczen 1962) .
In contrast to continental Europe, the dominant prey species in the British Isles are Rabbits, while alternative prey are Field Voles and birds (Graham et al. 1995) .
Predators can react to the changes in prey abundance in two ways. Generalist species utilize alternative prey, while specialist species are less fl exible hence their density changes. In case of the Common Buzzard, we can observe the combination of the two reactions (Reif et al. 2004) .
According to the previous statements, the Common Buzzard can change its food, if the density of the preferred prey animal decreases, while there is a connection between the size of the vole population and the density of breeding pairs, clutch size and breeding success (Mebs 1964 , Rockenbauch 1975 , Reif et al. 2004 ).
According to a study conducted in Germany, the number of breeding pairs increased by 1/5 in vole gradation years, compared to low vole years. In high voles years the ratio of the clutches with 3-4 eggs was 91%, while in the low vole years this value decreased to 20%. The breeding success (i.e. relative frequency of clutches that fl edged) was 70.8%, and 50%, respectively (Mebs 1964 ). According to a study conducted in Finland, nesting rate (i.e. number of active nests / number of all territories) and its productivity (i.e. number of nestlings / number of all territories) positively correlated with the studied years' Microtus species density (Reif et al. 2004) .
In none fi eld vole mediated environments, the changes in densities of the main prey species show a similar correlation with buzzard reproductive success, in Great-Britain with the Rabbit (Moore 1957, Graham 1995 , Swann & Etheridge 1995 , while in forest environment with the Bank Vole (Myodes glareolus) (Weber & Stubbe 2000) .
The population of buzzards depends not only on food availability, at least three other factors can play a part in the success of breeding. As buzzards breed in unsheltered twig-nests, the amount of rainfall in May is important. In rainy years the nestlings can get soaked, thus they may chill and die. In dry years fl edging success is higher than in wet years. Other factors infl uencing reproductive success are interspecies competition and habitat quality. For instance, buzzards breeding in nests near Goshawk territories were less successful, because the Goshawks often carried away their nestlings. The more stable the breeding population is, the bigger the breeding success will be, and the bigger sight fi delity is typical for habitats optimal for the species (Kostrzewa & Kostrzewa 1994) . The number of breeding pairs is also controlled by intraspecies competition (Moore 1957, Cramp & Simmons 1980 , Newton & Marquiss 1986 in Kostrzewa & Kostrzewa 1994 , Weber & Stubbe 2000 .
Among the winter weather factors, the temperature and the snow cover infl uence the survival just in extreme cases (Joensen 1968 , Kostrzewa & Kostrzewa 1991 . If severe cold is accompanied by thick and permanent snow cover, they starve to death in large numbers (Mebs 1964) .
Studies conducted in different parts of Europe (Rörig 1903 , Dombrowski 1912 , Uttendörfer 1952 , Czarnecki & Foksowicz 1954 , Moore 1957 , Sladek 1957 , Toufar 1958 , Palaus Soler 1960 , Pinowski & Ryszkovszki 1962 , Skoczen 1962 , Mebs 1964 , Tubbs 1967 , Joensen 1968 , Thiollay 1968 , Melde 1971 , Salaj 1972 , Ryszkovszki et al. 1973 , Garzón Heydt 1974 , Rockenbauch 1975 , Bustamante 1985 , Kostrzewa & Kostrzewa 1991 , 1994 , Mañosa & Cordero 1992 , Graham et al. 1995 , Swann & Etheridge 1995 , Meier et al. 2000 , Weber & Stubbe 2000 , Kenward et al. 2001 , Reif et al. 2004 , Kostrzewa 2008 , and also the inland studies (Nozdroviczky 1907 , Barthos 1908 , Greschik 1910 , Bessenyei 1917 , Greschik 1924 , Tarján 1939 , Kalotás 1980 , 1982 , 1983 , 1985 , Rékási 1981 , Balogh & Varga 1983 , Varga 1984 , Varga & Rékási 1993 , Fenyősi 1994 , Bereczky 2010 , Zornánszky et al. 2013 proved that the species eat primarily small rodents, dominantly Common Voles. From spring to autumn -in changing proportioninsects and their larvas, amphibians, reptiles are also on its diet everywhere, and mainly in winter, when these prey animals are not accessible, it also eats different types of carrion for example fi sh (Toufar 1958 , Sladek 1961 , Kalotás 1982 , 1985 , Varga 1984 . It can also capture fl edglings or nestlings in small numbers (Glutz von Blotzheim et al. 1971 , Salaj 1972 , Kalotás 1985 , Swann & Etheridge 1995 . Although according to some observations it attacks Hare (Lepus europaeus) (Nozdroviczky 1907 , Bereczky 2010 , Grey Partridge (Perdix perdix) (Bessenyei 1917) and Pheasant (Phasianus colchicus), but these are caught as youngsters or in an injured, weakened, sick state (Vasvári 1930 , Glutz von Blotzheim et al. 1971 .
Bigger animals, valuable game species can also be on the diet of buzzards, but in most cases these are obtained with the help of humans or other more skilful birds of prey (Uttendörfer 1952 , Toufar 1958 . It cannot cope with an adult Hare (Balogh & Varga 1983) .
The dominance of the main prey animals did not change, where they artifi cially raised and released Pheasants (Kalotás 1982 , 1985 , Kenward et al. 2001 , or it is present naturally in high numbers (Rékási 1981) .
According to studies conducted in the '80s, the Pheasants present in the diet of buzzards are from two large sources; a) from killed or injured birds, typically caused by mowers (Farkas 1977) , and b) sick or poisoned birds (Farkas 1980) . Kalotás (1985) in 1981, during the peak of a vole gradation, could only prove one instance of buzzards foraging on Pheasants (0.9%), but the Common Vole was present in 63.6% of the samples. In 1982, relatively often, in 38.5% of the cases the author found Pheasant remains in the stomachs of buzzards, but in half of these cases (15.4%), it could be detected, that it was consumed while already dead, because the Pheasant remains were contaminated by fl y larvae. In 19.2% of the samples he found the remains of Pheasants younger than 7 weeks. The relatively big occurrence of Pheasants can be the effect of the collapse of the Common Vole population after the gradation in 1981. In 1982 altogether 34.6% was the proportion of the Common Vole in their diet.
In the southern part of Great-Britain they collected food remains from 40 nests, and followed the movement of 136 buzzards with radio telemetry with the aim of fi nding a connection between the rate of predation, the presence of buzzards, movement zone and the characteristics of the Pheasant pens. They found fresh Pheasant remains in 7% of the controlled nests. Only 8% of the radio-tagged buzzards had signifi cantly more association than other buzzards with pens. The characteristics of the pens (small canopy coverage) and the release (lot of Pheasants in one pen) made it easy for the buzzards to catch them. The proportion of Pheasants of the diet was not more than 2.6% (Kenward et al. 2001) .
In general, dietary studies show that small rodents dominate both in proportion of weight and frequency of buzzard diet throughout the European breeding range. Smaller taxa are less likely to be discovered in dietary analyses, therefore the proportion of small mammals is probably even underestimated in these studies (Mebs 1964 , Kalotás 1985 , Graham et al. 1995 , Kostrzewa 2008 . In addition, the parents are likely to consume the smaller animals on the spot of the capture, and bring only the bigger ones to the nest (Mañosa & Cordero 1992 , Graham et al. 1995 . The analysis of pellets also cannot give a perfect idea of the spectrum of prey animals, because the diurnal birds of prey digest most of the bones (Vasvári 1930 , Uttendörfer 1952 , Mebs 1964 , Glutz von Blotzheim 1971 , Kalotás 1982 , the bigger ones are more likely to remain, so these are also overrepresented (Uttendörfer 1952) . The bromatologyc analyses can only provide information on the prey caught directly before the shooting (Vasvári 1930) . The use of mechanisms placed above the nest, collecting the prey animals dropped into the nest by the parents can give a more complete idea about the spectrum of prey animals and their proportion (Czarnecki & Foksowicz 1954) . Taking and analyzing of footage and pictures also do so (Meier 2000 , Zornánszky et al. 2013 , but probably the smaller prey animals are consumed by the parents more frequently than the bigger ones, because carrying them to the nest is more profi table.
In general, we found that the Hungarian breeding population of the buzzard is stable, and according to studies conducted with different methods in different areas and in different time periods throughout the past century, the proportion of valuable game species in the diet of buzzards is negligible. Presumably, this is caused by the fact that they are anatomically less capable of foraging on relatively large game species like Pheasants or Hares. The buzzards are most likely to catch sick, injured individuals (Vasvári 1930 , Salaj 1962 , Mebs 1964 , Glutz von Blotzheim et al. 1971 , Kalotás 1982 , so their activity can be regarded even useful.
It was already stated a century ago -in a period with a completely different approach to birds of prey -that the agricultural benefi t of buzzards surpasses the harm caused to game management (Greschik 1910 , 1924 , Toufar 1958 , Salaj 1972 , Kalotás 1980 , 1982 , 1983 , 1985 . Naturally the buzzards cannot abolish gradation, but can effectively participate in the reduction of the population's number (Ryszkowski et al. 1973) .
The demand to control buzzard populations to reduce foraging pressure on game species is not substantiated based on our review of the vast literature cited in this paper. On the contrary, reducing the buzzard population would presumably result in less controlled Field Vole gradations.
